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Abstract. DR 2 (Danish Reactor 2), one of the research reactors at the Risø site, has been in the process of being 
decommissioned during the last two years. The decommissioning will be completed in 2008.  
The reactor went critical for the first time in late 1958 and was shut down in 1975. The construction was a 5 MW 
light-water moderated and cooled tank type reactor.  
Although the process of decommissioning was formally initiated in 2005, it was preceded by a characterization 
project with the purpose of determining activity contents in key materials and dose rates at relevant spots in the re-
actor.  
The paper describes the removal of neutron beam plugs, grid plate and a thermal column with focus on radiation 
protection issues. The primary objective is, however, to describe the measures taken to control radiation doses dur-
ing the removal of the reactor block concrete and the reactor tank.  
The demolition and removal of concrete was done by an external contractor. The contractor had to comply with a 
comprehensive set of requirements. This included splitting activated concrete from concrete containing activities 
below clearance levels with no use of fluids of any kind, as the risk of not being able to control diffusion of con-
taminated fluids was an important issue.  
The experience from the decommissioning of the DR 1 reactor in 2005 showed that water-cooled cutting made it 
very difficult to monitor the levels of air contamination as the filters of the air monitors were blocked frequently. 
Certainly, dry cutting turned out to be a great technical challenge to the external contractor.  
Another demand was that the work should take place inside a de-pressurized containment in order to control air 
contamination and thereby minimize internal doses.  
The experience gathered from the practical implementation of dose reducing measures will be discussed.  
Problems involving the use of external contractors will be discussed, including training of personnel with no prior 
knowledge of radioactivity and radiation.  
Possible conflicts between project management interests and radiation protection issues will be addressed. 
 
 
KEYWORDS: Decommissioning; research reactors; applied radiation protection; training personnel; 
external contractors. 
 
1. Introduction 
 
The DR 2 research reactor supplied by Foster Wheeler was one of the three research reactors at the 
Risø site. Further, the site includes a hot cell facility, a waste management plant and a fuel fabrication 
facility. After the closure of the last reactor in 2000 (DR 3), the Danish Parliament decided to start the 
decommissioning immediately. As part of the framework, a new company, Danish Decommissioning, 
was formed to be responsible for the decommissioning [1]. At the time of writing (June 2008), DR 1 is 
decommissioned and DR 2 is almost decommissioned. The hot cells project is initiated and will be 
running for the next three years, followed by the fuel fabrication facility and the reactor DR 3. The 
waste management plant will be the last facility to decommission. 
 
DR 2 was a light-water moderated reactor with a thermal power of 5 MW. It started operating in 1958, 
and was finally shut down in 1975. Actually, it was kept in a state until the late 70’s, where it would 
be possible to restart if there was a need to do so. From the late 70’s until 1997, the hall hosted some 
experiments including extraction of uranium from Greenlandic ores. A characterization project started 
in 2000 with the scope of estimating the remaining activity of all major components [2]. The results of 
the characterization project were a very important input to the decommissioning project, launched in 
2006 [3]. 
                                                 
* Presenting author, E-mail: tla@dekom.dk 
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The construction of the reactor is seen in Fig. 1. The drawing shows a cross section of the reactor seen 
from south.    
 
Figure 1: The DR 2 reactor. The upper part is called the chimney, and the conical part is called the 
balcony. The extension to the right is the igloo. The graphite pile and lead nose are seen between the 
igloo and the core. All types of irradiation tubes are also visible. 

 

 
 
 
2. Removal of neutron beam plugs, grid plate and thermal column 
 
The decommissioning of the DR 2 reactor was split into several sub-projects. At the time of project 
initiation, all movable internal parts of the reactor had been removed. Only the grid plate and storage 
rack remained in the tank. All beam sleeves and beam plugs remained too, along with three types of ir-
radiation tubes: curved irradiation tubes (hereafter S-tubes), irradiation tubes used as part of a pneu-
matic dispatch system (hereafter R-tubes) and a straight irradiation tube that penetrated a thermal col-
umn. The latter tube will not be described further here. The thermal column was placed to the east of 
the reactor. Activities of nearly all components had been estimated in the characterization project. It 
was decided to pull out the beam plugs first, then lift the grid plate out of the tank with the aid of a 
crane and finally remove the lead nose and graphite of the thermal column. The plan was changed af-
ter it was realized that the grid plate removal required free access from the thermal column side of the 
tank. For that reason, the thermal column had to be removed before the grid plate. 
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2.1 Technical descriptions 
 
2.1.1 Neutron beam plugs 
 
First, all beam plugs were removed from the reactor block. The reactor was equipped with eight hori-
zontal beam plugs. Five of these were 6” aluminium tubes, two were 4” aluminium tubes and one was 
a 13” tube. The plugs had a front aluminium nose that reached the reactor core. The nose was attached 
to a liner. Some of the liners were filled with concrete; others were filled with resin and steel balls. All 
plugs except for the 13” plug were replaced after a few years of operation to adapt to the type of ex-
periments performed at DR 2. The tubes could be pulled out of the sleeves that were fastened to the 
reactor block concrete. The sleeves were later cut out of the concrete as part of the concrete demoli-
tion, described in more detail below. In the characterization project the total activity of plugs and lin-
ers was estimated to be around 1 GBq 60Co.  
 
2.1.2 S-tubes   
    
The six S-tubes were curved aluminium tubes with outer diameters of about 11 cm and wall thickness 
of 6 mm. They were fastened at the balcony and went through the concrete shield and tank water to the 
core. The total activity of the six S-tubes was estimated to be 0.1 GBq.   
 
2.1.3 R-tubes 
 
The two R-tubes were made of aluminium and had an outer diameter of 5.7 cm. They were part of a 
pneumatic facility; samples were first moved to a position inside the lead nose by the air pressure, and 
then pushed directly to a laboratory after irradiation. One of the tubes became too hot during operation 
and was used as water gauge instead. The total activity of the two R-tubes was not estimated. 
 
2.1.4 Grid plate 
 
The Grid plate kept the fuel elements in place along with beryllium reflectors and irradiation alumin-
ium tubes (simulating fuel elements). The Grid plate was made of aluminium, but it was fastened to a 
rack with stainless steel bolts, being responsible for most of the dose rate inside the tank. Unfortu-
nately, the bolts were tightened from below, so there was no easy way of loosening the bolts.  
   
2.1.5 Thermal column 
 
The main components of the thermal column include a lead nose and a graphite pile. The latter con-
sists of stringers with cross section 10cm ×××× 10cm and varying lengths depending on their positions in 
the pile. Most stringers were placed permanently in the pile, but the central stringers could be pulled 
out to channel faster neutrons out of the thermal column to experiments placed in the igloo. Usually, 
however, the igloo housed experiments with thermal neutrons. The total activity of the graphite pile 
was estimated to be roughly 4 GBq 152Eu. The total activity of tritium and 14C was not estimated but 
samples from the inner stringers showed activity concentrations of roughly 2,500 Bq/g tritium and 100 
Bq/g 14C. During removal of the graphite, it was found that a few thermoelements remained in the 
graphite and the lead nose. The elements proved to be rather active, probably due to activated 60Co. 
 
The lead nose weighs about 1,200 kg and was build into an aluminium box. The total activity was es-
timated during the characterization project to be 0.1 GBq 60Co and 0.5 GBq 108mAg. 
    
2.2 Measures taken to reduce doses 
 
The measures taken should reflect the ALARA principle (As Low As Reasonably Achievable), i.e. 
doses should be reduced to a lower level, if a reasonable measure could accomplish it. The word “rea-
sonable” is somewhat flexible, and both man⋅hours, expenses and materials required were included in 
the considerations. Dose rates were measured continuously during the work by health physics techni-
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cians. To give an idea of the radiation levels involved, Table 1 lists the dose rates involved in the op-
erations. 
 
Table 1: Measured dose rates at relevant places. The dose rates given for the beam plugs, irradiation 
tubes and individual graphite stringers are maximum figures. 
 

Place Approximate dose rate (mSv/h) 
Tank (at the top) (a) 0.08 
Grid plate (centre) 50 

Grid plate ( Edge toward thermal column) 65 
Horizontal beam plugs 2 

S-tubes 0.5 
R-tubes 0.6 

In front of graphite pile (b) 0.05-0.3 
Individual graphite stringers 0.8 

Lead nose 10 
(a) At the start of the decommissioning project   
(b) The dose rate varies across the front plane of the graphite pile  

 
In principle, all measures to reduce doses build on reducing time spent in operation, increasing dis-
tance to source and increasing shielding between source and worker. In the following, some measures 
taken to reduce doses during removal of the items described above are discussed.  
 
2.2.1 Handling neutron beam plugs 
 
The beam plugs were pulled out one by one. Originally, they should have been cut into two pieces; the 
outer piece was supposed to be measured with a Ge-detector at the Clearance Laboratory for possible 
clearance, while the inner part was intended to be stored as radioactive waste. However, most of the 
beam plugs contained a mixture of steel balls and resin, which was impossible to cut, as it turned out. 
These plugs were put into containers to be used for shielding of the grid plate (see below). The use of 
a health physics technician was an important part of the radiation protection. They measured the radia-
tion levels of the plugs, as they were pulled out, and they measured the dose rate at the position of 
each worker. They also assessed the need for finger or wrist dosimeters. 
 
2.2.2 Transferring irradiation tubes to container 
 
The S- and R-tubes were pulled carefully out of the reactor block using the ring crane, while the radia-
tion level along the tube was monitored by a health physics technician. The tubes were given a mark 
where the radiation level exceeded 0.5 µSv/h; thereafter, the tubes were pulled all the way out.  
 
Figure 2: An S-tube in the shearer. Here, it is cutting at the mark explained in the text. 
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The outer end of the tubes was secured to the crane hook, while the inner end was pushed towards the 
container by a worker using a very long stick. A remotely controlled shearing machine was mounted at 
the container, as shown in fig. 2.  
Even though the long stick (not seen in Fig. 2) was difficult to control, it was possible to use it for 
guiding the tubes into the shearing machine. The tubes were cut into smaller pieces until the mark de-
scribed above. The outer end of the tubes was transferred to the Clearance Laboratory for clearance 
measurements. As all close contact to the activated part of the irradiation tubes was avoided, the col-
lective dose was very low, around 1 man⋅µSv.   
 
2.2.3 Removing the graphite pile 
 
First, the graphite had to be drawn out of the still existing igloo. Second, it was moved to a container 
placed next to the igloo. The radiation field caused by both the 152Eu from the graphite itself and 60Co 
from the thermoelements and lead nose, had to be taken into account. The variation of the radiation 
field was monitored using an electronic dosimeter coupled to a radio transmission unit. The problem 
of moving the graphite stringers from the pile to the container without getting too close to the stringers 
for a substantial amount of time was solved with the aid of a bar with two pneumatic suction discs. 
 
Figure 3: The bar with pneumatic suction discs lifting a graphite stringer. 
 

 
 
The bar was moved using a remotely controlled crane. The experience with this method was generally 
good, but it was difficult to arrange the stringers in the container. Therefore, a worker controlled the 
bar using a stick, when it was loaded into the container. Why be so careful when loading the contain-
ers? At that time, the amount of stored Wigner energy in the graphite was still unknown; perhaps it 
would be necessary to remove the stringers from the containers later to anneal the stored energy. Ac-
tually, a later test proved it necessary to anneal the inner graphite column, which was put into a sepa-
rate container.     
Another issue was graphite dust containing beta-emitters. While working with the graphite, all work-
ers in the reactor hall were required to wear respirators, and a point suction connected to a HEPA filter 
was placed just above the graphite pile. Even though the activities of moving the graphite were con-
centrated around the igloo, it was necessary to do a thorough cleaning of the entire hall to restore the 
low contamination levels.  
 
2.2.4 Grid plate and lead nose 
 
The lead nose was built into an aluminium box that was firmly attached to a Boral plate. The only way 
of removing the lead nose was by cutting through both the aluminium and Boral layers from the igloo. 
At this time, the graphite had been removed as described above. The work was done with a plasma 
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cutting machine put on a long stick, though still controllable. A point suction connected to a HEPA fil-
ter was used, and the two operators of the cutter machine were equipped with full-face respirators. 
They also cut two holes in the aluminium box carrying the lead to allow for the ring crane to lift the 
lead nose up through the tank and directly to a container.  
 
After the removal of the lead nose, there was free access to the tank, and thereby to the grid plate, 
through the igloo. Instead of removing the grid plate by unscrewing it from the rack, the rack was cut 
with the plasma cutting machine. Using this method, close contact to the highly activated (and proba-
bly very tight) bolts was avoided. While cutting, the grid plate was attached to the ring crane, keeping 
it from falling down. After it was cut free, it was immediately lifted up through the tank by the crane 
and transferred to a well-shielded container. A few drawbacks of using a plasma cutting machine were 
identified. The most important is that it develops a lot of small particles, when it cuts through a mate-
rial. The filter of the continuous air monitor was immediately clogged, and the monitor had to be 
switched off. An extensive contamination spot of 60Co was later found on top of the crane, more than 
15 meters above the grid plate, probably originating from plasma cutting, though this is not certain. 
The point suction was evidently insufficient. The total collective dose was 63 man⋅µSv for removing 
the lead nose and 32 man⋅µSv for removing the grid plate.  
 
3. Demolition of the reactor block 
 
It was clear from the project initiation that external contractors would be required because of the ex-
tent of the work. According to European Union regulations it was required to make an invitation to 
tender. The invitation, and later the contract, listed some specific requirements as described below. A 
few contractors answered the invitation and one contractor was finally chosen. The contractor was 
well-known to Danish Decommissioning as they had previously demolished the concrete of the DR 1 
reactor.  
 
3.1 Requirements to external contractor 
 
The list of requirements was a result of a combination of previous experiences from the demolition of 
reactor DR 1, requirements from the Danish authorities and good practice in general. The most impor-
tant entries with respect to radiation protection will be described here.   
 
3.1.1 Issues related to workers 
 
It is specified from the Danish authorities that external non-radiation workers must be introduced to 
health physics and conditions related to good behaviour in restricted areas with radiation and radioac-
tive contamination. All workers were therefore required to attend a half-day course including a test. 
That all workers were required to wear a personal dosimeter is obvious, but for planning reasons it was 
necessary to demand that the contractor should send a list with names and civil registration numbers 
on all workers, from their own company as well as from sub-contractors, before starting the work. 
This can be difficult for a company to handle; some workers resign, others are reported sick, on holi-
day or have to be transferred to other projects. In general, it worked quite well, but a few more courses 
had to be arranged during the project, and unknown workers appeared a couple of times without no-
tice.   
 
3.1.2 Issues related to access to a restricted area 
 
A restricted contamination or radiation area necessitates monitoring of persons and materials that 
leave the area. A number of requirements relate to this, as the contractor needs to include extra time in 
his time schedule compared to his typical projects. The contractor has to accept that his workers have 
to check their hands, feet and clothes when leaving the restricted area, and that they would have to 
leave the area, when they needed to drink, eat or smoke, to reduce risk of intake of radionuclides. He 
also had to accept that personnel from the Section of Radiation and Nuclear Safety would have to be 
called, when tools or materials were leaving the restricted area, and that all work could be halted in 
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case of a contamination alarm. All workers were required to wear TL dosimeters and electronic do-
simeters and deliver a monthly urine sample for internal dosimetry.      
 
3.1.3 Issues related to method 
 
The requirements for handling radioactive concrete were based on the regulations for asbestos demoli-
tion projects. As part of this, demolition had to take place inside a depressurized containment, e.g. a 
tent, and all workers had to wear P3 respirators or respiratory turbo systems. The tent would have to 
maintain an air renewal rate of no less than ten times the volume per hour and be equipped with a 
HEPA filtered air outlet.  
The DR 1 concrete was demolished with the aid of water. The experience was that it was difficult to 
control the water, leading to contamination at several locations in the reactor hall. Because of these 
experiences and because DR 2 had a lot of pipe connections from the hall to the basement, it was not 
allowed to use water, or any other liquid, during the demolition.  
It was also emphasized that one of the criteria of success was a minimum deposition of radioactive 
waste at the Risø-site, i.e. the contractor would have to adopt an accurate measure of separating clear-
able concrete from activated (non-clearable) concrete. The boundary between clearable and non-
clearable concrete was found using drilling samples before the contractor was involved.    
 
3.1.4 Issues related to cleaning 
 
Cleaning was used to avoid spreading contamination, inside or outside of the tent. If the location is 
cleaned on a regular basis, it is possible to avoid non-removable contamination and resuspension of 
contamination to the air. Hence, the tent was required to be constructed to be easily cleaned. Further, 
the floor should be vacuum cleaned at the end of every working day, and a more thoroughly cleaning 
every Friday. The contractor would have to accept that the Section of Radiation and Nuclear Safety 
could require further cleaning if contamination measurements proved it necessary. The final cleaning 
had to be approved by the section. If disapproved, cleaning would be performed by Danish Decom-
missioning, but at the expense of the contractor. 
 
3.1.5 Issues related to waste handling 
 
The contractor should be able to separate cleared materials from active materials according to the in-
structions from the Section of Radiation and Nuclear Safety. All waste is measured for contamination 
and radiation before leaving the restricted area. If these measurements show excessive radiation, fur-
ther work may be halted until the source(s) are identified and removed.  
 
3.2 Training external personnel 
 
It was a requirement that all external workers attended a half-day health physics course including a fi-
nal test. It was important to take into account that the workers did not have any knowledge on ionising 
radiation and protection against it. As it turned out, several persons were prejudiced against “atoms”; 
clearly they regarded work with radioactive materials as dangerous, and they were interested to learn if 
a later disease could be traced to the work at DR 2. This presents a dilemma: on one hand, it is neces-
sary to calm the workers and try to demystify the conception of radioactivity; on the other hand, it is 
desirable to inspire respect for radiation amongst the workers, otherwise they might be careless about 
radiation and contamination. 
As a compromise, the workers were told that the activity within and the radiation from the reactor 
block would not do any harm to their health, if they were careful and followed all procedures strictly. 
They were shown a comparison between the expected doses and doses from natural sources. They also 
learned how to behave in a restricted area, which personal protective equipment to use, and how it re-
duces doses. Finally, they were given a small test to make sure they had understood the most impor-
tant points. The training seemed to work quite well, although a few incidents with workers leaving the 
restricted area without using the hand and feet contamination monitor were observed after a few 
months. Refresher courses were given for some workers after more than half a year. 
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3.3 Depressurized containment 
 
3.3.1 The tent  
 
As already mentioned, it was required that the contractor included some kind of containment to keep 
dust from contaminating the reactor hall, or even the surroundings. The solution chosen was a tent 
constructed of PVC canvas mounted on a scaffold. First, the scaffold was erected to a total height of 
10 m and a ground area of 15 m × 15 m. Lattice girders, with ordinary scaffold boards between them 
to support the canvas, were used as ceiling. The canvas was supplied in rolls 2.25 m wide and 36 m 
long. It was rolled down on the inside of the scaffold, except for the ceiling, to obtain a smooth, easy 
to clean, inner surface. Each length of PVC canvas was either welded or put together using adhesive 
tape. The canvas needed some repairing with adhesive tape during the demolition to maintain the low 
pressure. The lower part of the side walls was covered from the inside with plywood to protect the 
canvas.  
 
The tent was supplied with two sluices: one for transport of containers and machines and one for per-
sonnel. The sluice for machines was equipped with one gate facing the tent and one exterior gate. This 
design made it possible to place a container in the sluice, open the gate to the tent and fill the con-
tainer. When a container was filled, the gate could be shut down again, giving a health physics techni-
cian the possibility to do measurements on the container without being exposed with dust from the 
tent. The personnel sluice was parted into three rooms: When entering the sluice from the hall, the 
workers wear shoes and clothes dedicated for a low-contaminated area; the first room was a buffer 
zone; the second room was for taking off the shoes, and the third room, just before entering the tent, 
was for taking on a protective suit, shoes dedicated for highly-contaminated use and helmet with built-
in air respiratory turbo system.   
 
3.3.2 The ventilation system 
 
The low pressure was established using ten mobile air vent boxes with built-in three filter system, in-
cluding a filter for coarse particles, a pre-filter for smaller particles and a HEPA filter for ultra-fine 
particles. The air exchange rate was adjusted to more than ten times the tent volume per hour, which is 
statutory in Denmark for handling asbestos demolition. The filtered air was mixed with the hall air and 
surveyed using a continuous air monitor. The exchange rate corresponded to a pressure more than 20 
Pa below ambient. The ventilation was combined with point suction used directly at the machine in 
operation.  
 
3.4 Cutting out the beam plug sleeves from the concrete block 
 
The sleeves were cut out between the demolition of the chimney and the lower block. This operation 
represented the highest individual doses during the DR 2 decommissioning project. For this exercise, 
the contractor made use of a sub-contractor with expertise in wire cutting. However, they usually ap-
plied water for cooling the wire, which was not allowed in this project. Furthermore, they had to cut 
through heavy concrete, a lead plate and finally the aluminium tank. After changing the wire a couple 
of times because it was stuck in the lead/aluminium layer, they changed to a BSG3 type wire with 
some success. The doses to the workers were quite small until they reached the two sleeves next to the 
thermal column. The highest dose rates in the remaining part of the reactor were measured inside these 
sleeves (about 0.5 mSv/h). The wire was torn when trying to cut them out, because of an extra inner 
layer of aluminium plate used to secure the lead nose of the thermal column. The high doses (around 
0.4 mSv to two workers) were obtained when the workers tried to cut the inner aluminium plate down 
from inside the tank. A health physics technician was assigned to check their electronic dosimeter 
every ten minutes. Later, it was decided to skip the removal of the two sleeves until the concrete 
demolition had advanced down to the height of the sleeves.  
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3.5 Splitting activated concrete from cleared concrete 
 
A scaffold was placed next to the reactor block to carry the remote controlled demolition robot. The 
entire chimney down to, and just below, the balcony (see Fig. 1) was cleared in advance using drilling 
samples. It was chopped away using the demolition robot and moved to containers in the sluice. The 
innermost meter of the lower part of the concrete block was found not to meet the clearance levels. It 
was, therefore, necessary to split the cleared outer concrete from the activated inner part. The original 
proposal from the contractor was to alternately chop the inner active part and the outer cleared part 
with the demolition robot, starting with the active concrete. The advantage, seen from a radiation pro-
tection perspective, was that the outer concrete would shield the radiation from the active concrete. 
The drawback would be that the risk of contaminating the cleared concrete would be eminent. As the 
active concrete still provided some self-shielding, and the workers control the machine from a dis-
tance, it was decided that the outer concrete should be removed first. The contractor used a surveyor to 
determine the exact cut, and the accuracy of splitting the two parts from each other using the chopping 
method was within a few centimetres. 
     
3.6 Dose surveillance 
 
All workers wore a personal TL dosimeter that was read out once a month. They were also required to 
use an electronic dosimeter type MGP. The workers checked-in using a code before entering the hall 
and checked-out again when leaving the hall. If the dosimeter showed a dose of 1µSv or more, they 
wrote it on a list at the entrance, but the data were also stored automatically on a computer. There was 
always a health physics technician or another assigned representative from Danish Decommissioning 
in the building to survey the work. Finally, internal doses were estimated using the monthly urine 
sample programme. No internal doses were observed during the project. The total collective dose dur-
ing the demolition project was 2.6 man⋅mSv. 
  
3.7 Radiation and contamination monitoring 
 
As the demolition of the reactor progressed, the radiation field was expected to increase, because the 
tank and activated concrete became exposed. The radiation was, therefore, measured at specific places 
at least once a week or ad-hoc, depending on the operation. Further, possible contamination was con-
tinuously monitored using the following measures: 

• Survey the air contamination in the reactor hall, but outside the tent, using a continuous air 
monitor 

• Smear tests on a weekly basis, or even daily during the demolition of the inner activated con-
crete 

• Measure the activity on a used pre-filter from the ventilation, using a gamma spectrometer. 
The pre-filters for coarse particles were replaced quite often, so the measurements provided up 
to date information on the air contamination inside the tent 

• Check the working shoes and clothes for contamination 
 
Smear tests were taken after normal working hours by the health physics technician on duty. Some of 
the tests were taken inside the tent to check up on the cleaning done by the contractor. Other smear 
tests were taken in the personnel sluice and in the entrance to the hall. The same health physics techni-
cian checked the shoes and clothes.  
Hand tools were checked using contamination monitors on an “only background” criterion. Larger 
machines were measured using a gamma detector and adopting a conservative geometry. 
  
4. Possible conflicts between project management and radiation protection issues 
 
This chapter does not reflect any serious conflicts during the DR 2 decommissioning, but the work 
gave rise to some thoughts. The project management section has other interests than the Section of 
Radiation and Nuclear Safety or the waste management section. Typical success criteria for the three 
sections are shown in Table 2.   
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Table 2: Success criteria for three sections during a decommissioning project. 
 

Section Success criteria 

Project management 
Keep budget 

Keep time schedule 

Radiation and Nuclear Safety 
Small doses 

Precise clearance measurements 

Waste management 
Deposit as little waste as possible 

Compress the waste as much as possible 

 
That the success criteria differ from section to section does not necessarily mean that there really is a 
conflict. For instance, the project management is also interested in small doses to the workers, but they 
are concerned of, what a given dose reduction costs and how the time schedule is affected. During the 
decommissioning of DR 2, a number of conflicts arose concerning waste management. The heat ex-
changer system, including all connecting pipes, in the basement was discovered to contain tritium and 
14C. The contamination was not evenly distributed and a larger number of samples would have to be 
drawn from the system to test the clearance criteria. The project management was concerned for the 
time schedule and budget (sub-contractors are used for measuring activities of low energy beta-
emitters), and decided to declare the system radioactive. On the other hand, this increases the cost of 
waste storage. This example demonstrates first of all the need for an overall cost-benefit analysis of 
the waste stream: When is it beneficial to deposit waste, and when is it preferable to test for clearance? 
   
5. Conclusion 
 
Some critical stages of a research reactor decommissioning project were discussed. Here, the reactor 
was decommissioned more than 30 years after it was shut down, corresponding to six 60Co half-lives. 
For DR 2 this was reflected in the low doses to the workers. As discussed in the paper, it is possible to 
reduce doses further. Sometimes, even simple measures, e.g. a long stick, reduce doses significantly. 
 
The role played by the health physics technician is very important during critical operations. They 
measure rapid changes in radiation and contamination levels, and may therefore stop the work before 
the situation leads to high doses. They also check the workers electronic dosimeters, so the workers 
can concentrate on their work. At Danish Decommissioning, new health physics technicians are given 
an extensive training of half a year, which enables them both to do measurements and make decisions 
“on-site”.  
 
The depressurized tent used during the demolition of the concrete block was a great success. An air 
monitor was continuously monitoring the level of air contamination outside the tent. An increase in air 
contamination was never observed. After the demolition, both the tent and the HEPA filters from the 
ventilation boxes were cleared. An extensive programme of smear tests after the removal of the tent 
revealed a few traces of 152Eu and 133Ba, expected for activated heavy concrete. After further cleaning 
by the contractor, no activity was found beyond the background level. The smear tests also revealed 
60Co on the crane, probably originating from plasma cutting.  
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